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(54) Microcontroller DMA operation with adjustable word size transfers and address 
alignment/incrementing 



(57) A micro-controller direct memory access 
(DMA) unit includes hardware support for single read of 
the source address at a source word size and but writes 
to the target address at an independent target word size. 
This permits, for example, a single read of the source 
address at a larger word size and multiple sub-word 



sized writes to the target address. This is enabled by 
independent control register storage of a source word 
size (321), a source increment size (323), a target word 
size (322) and a target increment size (324). A byte shift- 
er/register (305) that will shifts a full byte at a time to the 
next lower byte position allowing transfer of a large word 
to a destination having a small word size. 
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Description 

TECHNICAL FIELD OF THE INVENTION 
5 [0001] The technical field of this invention is data transfer and data bus systems w*hin computer systems. 

BACKGROUND OF THE INVENTION 

a wide Ol ponph e rol to transit «^*^^££S££-S pcrtom , ance rmm ,. ,ho 

brldgo. U.K.) .no b doocobod In ^^ 7 ^^^^^ZZ o»„ .» ««*». RISC 
primary interest here. „^„^<™- aur hn<* and a DeriDheral bus APB of more 

Eo.04, s^rss^^Si^-^^ 

[0005] Advanced RISC Machines Ltd (ARM) has proposed an also proposed use 

b:ror,:;?oS=^ 

oppllcadono. Its m*>r us. is to l.c.llate the J^w* ^ Tdl » lo So Win. CPU lo copthdo lo ax.odto 
RAM. It may also transfer data stored in RAM to the Penpher al. Since ^je syswn ^ 

the wait-states to the APB bus and in the CPU store operation. 
APB bus. 

SUMMARY OF THE INVENTION 
[0009] inthisinvent^ 
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features including: 

1 . Single read ef the source address at the larger word size, while permuting multiple sub-word sized writes to the 
target address. source mUnu jnc|udjng Sounce Word size and 

word Such as a 16 bit or32-bit sized word) to a destination having a smaller word s,ze (such as 8-b.ts or 16 brts). 

of the transfer or unduly burdening the CPU to translate word sizes. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention will now be further described by way of example with reference to the preferred and 
exemplary embodiments illustrated in the figures of the accompanying drawings ,n which: 

Figure 1 illustrates the block diagram of a prior art advanced micro-controller bus architecture AMBA having a 
RgTeTiM °< * prior art singie master, slave and arbiter combination in the 

^uraSU^etre^B the block diagram of the micro-controller DMA of this invention; 

Figure 4 illuSs the micro-contro.ler DMA transfer flow with adjustable word size transfers and address align- 
ment/incrementing. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

is also placed on the high ' P ertomance .^" S J°° 0 n AHBbus 100 decreases system performance, because 
AHB b2s loo. ARM has proposed an efficient arbitration scheme and a "° W ^ ° PU 1 ° 1 ' ™ 
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V « t„ nmnrpss at a aiven time period. Note that all high performance devices including memory and 
only one transachon topmg ess ata g^ 

high performance perlph^ t0 P 123 reside on the peripheral bus 120. 

UART 1 1 5, timer 1 1 6, keypad 11 7 as wen as ipenpne t| control of the AHB bus, the arbiter performing 

[0016] to be executed in this standard AMBA 

the arbitration decision and the slave selected by the master for a comma ^ 

system. AHB bust arbiter 111 , AHB ^X^it^-^STl"^ actuating HBusReqx signal 
clock signal HCIockx 223. The AHB master 200 makes the request o Km a* y ^ 

231 . The AHB master 200 receives permission from AHB art ter 110 by H °^^f hen sends address 205 
confirms the grant and locks this arbitration deas.on by tTthe seated slave device. In this 
to AHB decoder 111 . AHB decoder AHB slave 210 is corn- 

example the selected slave dev.ce » AHB s '7« 0 Jhe mteraction or a Datg ^ ^ ^ 

pleted via the control signals 213 and acknowledged via HRe ^signal 211 a ™ J data t0 AHB 

write operations flows between all masters and 55f b» 207. Likewise, AHB 
bustOOvlaHRDatatW 

rs^?^ - ~ — — ■ on,y one 

slave on which it will execute a transfer (read or write) comma nd. , essing unit 

[0017] Directmemoryaccessunits(DMA)can,ncreasesys^ 

CPU) of the overhead associated with transfernng , of data from 1 code associated with the data 

DMA, «*ri» DMA I« » «•-» »•*« "fJStf/LTnlw to *M. DMA eon«.l 

,0019] ^3II»K*»«»'""— 
321 through 328 S »re.»Mo,™top«^ 

325 and m. starting frga a *WSS S ««od tiTMOH, r«b»t 32* (<> ^ 

APB bus 1 20 is always a 32-bit bus and supports only ^o^a^Af^ bus peripheral to a device on 

types of 8-bit, 1 6-bit. or 32-bits. For a micro-contro er ^^^^^^^^^; M ^ datBni1 , to ^. 
AHBbus100,itmusta.waystransferandstore3^^ 

[0022] Two programmable 

Z™™?^!^^ sv?s re9ister 321 ■ but write data 10 the ter9et ,ocation 33 

defined by the target word size TWS register 322 available. The micro- 

the data to be transferred is only a word or a half-word. 
50 [0024] The two main benefits of the technique of this invention are: 

♦ add R.,c ion 19 bit accesses must be made to the APB peripheral. If the appli- 
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«r v mm This allows the application program to use sub-word sized data types in its source code (e.g. byte or 
cnaO andre™ CZe«Z directum the memory wrthout having to resfce the words in software. 

[00251 Thedatatransferproc^^ 
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address location (processing block 404). As each word is transferred CNTAL counter 333 decrements by one (process- 

increment size register T!S 324. nMT wAi rw.ntAr 333 has reached 0x0000 (yes branch 

££j The next DMA request will initiate a new transfer of data from address register SADDR to the address in 
includes 32 DMA channels. data from for fte corres p 0 nding 

K I bits sSl 0] are required for each DMA channel. The bits SWS[1 :0] are coded as follows: 

Table 1 
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SWS[1 :0] 


Word Size 


00 


8 bits 


01 


16 bits 


1 0 


32 bits 


1 1 


Reserved 



r00431 Target word size register TWS 322 stores the actual size of the word to be written for the corresponding DMA 
're required for each DMA channel. The bits TWS[1 :0] are coded as follows: 



Table 2 



TWS[1:0] 


Word Size 


00 


8 bits 


01 


16 bits 


1 0 


32 bits 


1 1 


Reserved 
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transfer for the corresponding DMA channe.. Two bits SIS[1 :0] are requ.red for each DMA channel. The brts SIS[1 .0] 
are coded as follows: 

Table 3 



SIS[1:0] 


Word Size 


00 


8 bits 


01 


16 bits 


1 0 


32 bits 


1 1 


Reserved 



[0047] Target increment size register TiS 324 stores the address increment size for the ta^e, address ^during , a 
transfer for L corresponding DMA channei. Two bits TIS[1 :0] are requ.red for each DMA channel. The brts TIS[1 .0] 
are coded as follows: 

Table 4 



TIS [1:0] 


Word Size 


00 


8 bits 


01 


16 bits 


1 0 


32 bits 


1 1 


Reserved 



r00481 The following registers are a part of DMA status/interrupt register block 314: block ' 
channel. The coding of these bits is listed in Table 1 . 

Table 5 



40 


Mnemonic 


Definition . 


45 


Bl 


Block Interrupt 

When active, indicates a DMA transfer complete 

0 = DMA not finished 

1 - DMA finished 




BEI 


En°able?eSely enables a CPU interrupt based on a corresponding block interrupt bit Bl 

0 = Interrupt enabled 

1 - Interrupt disabled 


50 


DM AST 


DMA Status bit 

Completion status of corresponding DMA transfer 

0 = DMA channel not finished 

1 = DMA channel finished 



55 



7 



EP1 187 027 A2 



Mnemonic 


Definition 


SIADD 


Source Address incremeni ^eieci 
Selects increment of the source address 

0 = No increment 

1 - Increment by source increment size SIS 


TIADD 


Target Address Increment Select 
Selects increment of the target address 

0 = No increment 

1 - Increment by source increment size TIS 



Block interrupt bit Bl indicates whether a DMA block transfer has completed and the DMA co ^. r0 ''^ |l a ^ |'?| s ^.^ Tg/'on 
by software, no hardware resets this bit. 



Claims 

1 . A data transfer system comprising: 

a plurality of bus devices, at least one bus device being a bus data supplying device capable of supplying 

data at least one bus device being a bus data receiving device capable of receivmg data and at least one bus 

device being a bus master device capable of requesting and controlling data transfer; 

a daS J bus connected to each of said plurality of bus devices and capable of transferring data from a bus data 

suDDlvinq device to a bus data receiving device under control of a bus master device; 

a diSemo^access unit connected to said data bus as a bus master device, sa,d d.rect memory access 

unit comprising 

a source word size register storing a source word size, and 
a target word size register for storing a target word size, 

said direct memory access unit capable of transferring data from a first bus data supplying device to a first 
bu dta ^aZ device via said flmt bus by recalling data from a first bus data supplying device in a data 
to said source word data size and for supplying said recalled data to a first bus data re- 
ceiving device in a data size corresponding to said target word size. 

2. The data transfer system of claim 1 , wherein: 

said direct memory access unit further comprises: 

a read data register arranged to be loaded with data from said bus data supplying device via said data 
^^S^^ - * said bus data receiving device via said data bus in said target 

^word f orTaL connected to transfer data from said read data register to said write data register and 
arranged to thereby align data in said target word size in said write data register. 

3. The data transfer system of claim 2, further comprising: 

at least one first bus device being a first bus supplying/receivingdevicecapableof both supplying data to said 
first bus and receiving data from said first bus. 
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4. The data transfer system of claim 3, wherein: 
at least one first bus supplying/receiving device comprises a central processing unit which is further capable 
of controlling data transfer. 

5. The data transfer system of claim 3, wherein: 
at least onefirst bus supplying/receiving device comprises a direct memory access unit which is further capable 
of controlling data transfer. 

6. The data transfer system of claim 3, wherein: 
at least one first bus supplying/receiving device comprises a memory which is not capable of controlling data 
transfer, 

7. The data transfer system of claim 3, wherein: 

at least one first bus supplying/receiving device consists of a central processing unit which is further capable 
of controlling data transfer, said central processing unit connected to said direct memory access unit for load.ng 
20 data into said source data size register and into said target data size register. 

8. The data transfer system of claim 3, wherein: 

said direct memory access unit further includes 

a source start address register for storing a source start address, 
a source increment size register for storing a source increment size, 

a target start address register for storing a target start address, ^ nnar{ 
a target increment size register storing a target increment size said direct memory access iuiM 
for recalling data from said first bus data supplying device beginning at said source start address and 
thereafter at successive addresses differing by said source increment size and supplying saKi recalled 
data to said first bus data receiving device beginning at said target start address and thereafter at suc- 
cessive addresses differing by said target increment size. 

35 9. The data transfer system of claim B, wherein: 

at least one first bus supplying/receiving device comprises a central processing unit which is further capable 
Sconolng 

dataintosaidsourcestartadd^ 
40 register and said target increment size register. 

10. The data transfer system of claim 3, further comprising: 

a bus arbiter connected to each of said at least one bus master device, said direct memory access unit and 
45 said first bus, said bus arbiter arranged for granting control of data transfer on said data bus to one and on^ 

one bus master device; and 
said direct memory access unit further comprises: 

a countervalue registerfor storing a number of data words to be transferred by said direct memory access 

aWock size register for storing a block size to be transmitted without interruption, said direct memory 
access unit arranged for requesting bus control from said bus arbiter and upon grant of control of data 
transmission on said data bus, said direct memory access unit thereafter 

transferring data in an amount equalto the lesser of said numberof data words to be transferred and said 
block size to be transmitted without interruption, thereafter 

ending data transfer if data transferred equals said numberof data words to be transm «« d ' an ^P e "^ 
ing data transfer, releasing control of data transfer on said data bus and re-requesfng bus control from 
said bus arbiter. 
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11. The data transfer system of claim 10, wherein: 

at least one first bus supplying/receiving device comprises a central processing unit which is further capable 
ofSrolgTatat 

data into said counter value register and said block size register. 

12 The data transfer system of claim 1 , wherein said plurality of bus devices comprises first bus devtoes and said 
' data bus comprises a first data bus, said data transfer system further compnsmg: 

a oluralitv of second bus devices, at least one second bus device being a second bus data supplying device 
capawlTsup^ing data, at least one second bus device being a second bus data receiving device capable 
oSfvlng Z and at least one second bus device being a second bus master device capable of request.ng 
and controlling data transfer, each second bus device having a predetermined data size; 
a second data bus having said predetermined data size connected to each of said plurality of second bus 
dev^es and capable of transferring data from a second bus data supplying device to a second bus data re- 
r-oiY/inn ripvire under control of a second bus master device; 

SSTbSSiSSSi said f irst data bus and said second data bus, said bus bridge capable of transfernng 
data between said first bus devices and said second bus devices; and. 

wherein said direct memory access unit stores said predetermined data size in said source word size register 
for dJST^TS bus device to a first bus device via said bus bridge and stores said Predetermined 
S^STSES-t word size register for data transfer from a first bus device to a second bus device via said 
bus bridge. 
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